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Abstract.

Dengue is an acute emerging infectious disease transmitted by Aedes mosquitoes and has become a serious

global public health problem. In mainland China, a number of large dengue outbreaks with serious consequences have
been reported as early as 1978. In the three decades from 1978 to 2008, a total of 655,324 cases were reported, resulting in
610 deaths. Since the 1990s, dengue epidemics have spread gradually from Guangdong, Hainan, and Guangxi provinces
in the southern coastal regions to the relatively northern and western regions including Fujian, Zhejiang, and Yunnan
provinces. As the major transmission vectors of dengue viruses, the biological behavior and vectorial capacity of Aedes
mosquitoes have undergone significant changes in the last two decades in mainland China, most likely the result of urban-
ization and global climate changes. In this review, we summarize the geographic and temporal distributions, the serotype
and genotype distributions of dengue viruses in mainland China, and analyze the current status of surveillance and control

of vectors for dengue transmission.

INTRODUCTION

Dengue fever (DF) is an acute infectious disease caused
by dengue viruses and transmitted by Aedes mosquitoes.
This disease is endemic or epidemic in more than 100 coun-
tries and regions in Asia, Oceania, America, and Africa, and
it is especially prevalent in Southeast Asia, the west Pacific
Ocean regions, and southern Africa. The rapid increase of DF
incidence in recent years has become a serious public health
threat to nearly half of the world’s population.! The World
Health Organization (WHO) estimates that approximately
2.5 billion people worldwide are at risk and 50 million people
are infected by dengue viruses each year. Half a million people
suffer from dengue hemorrhagic fever (DHF), which results in
more than 25,000 deaths (http://www.who.int/tdr/publications/
publications/dengue). Dengue is the second-most serious vec-
tor-borne disease in the world, only behind malaria in terms of
morbidity and mortality.

The first outbreak of DF in mainland China occurred in
Guangdong province in 1978. Since then, dengue outbreaks
were recorded sequentially in Hainan, Guangxi, Fujian, and
Zhejiang provinces.? These epidemics have had significant
negative impact on the affected population, the society in
general, and the development of the economy. The rapid
urbanization in China changed the characteristics of DF epi-
demics. Dengue epidemics have spread from Guangdong,
Hainan, and Guangxi provinces in the southern coastal
regions to the relatively northern and western regions includ-
ing Fujian, Zhejiang, and Yunnan provinces, with shorter epi-
demic intervals as compared with those experienced before
the 1990s.

PREVALENCE

Geographic distribution. Dengue fever in mainland China
is still characterized as an imported epidemic disease, and so
far has not been confirmed to be an endemic.’ Sporadic cases
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and outbreaks of DF in the southeast coast region, the middle
and lower reaches of the Yangzi River were documented
in the early 1940s,*5 but since then, no cases were reported.
In May, 1978, a sudden outbreak of DF occurred in Foshan,
Guangdong province, and it was spread to seven adjacent
counties and cities where a total of 22,122 cases, including 16
fatalities were reported.® In the past 30 years (1978 to 2008),
DF outbreaks in varying scales have occurred in China,
and a total of 655,324 cases were documented, resulting in
610 deaths. Figure 1 presents the annual cases of DF in the
mainland from 1978 to 2008. In Hainan province, the two most
severe outbreaks of DF and DHF occurred in 1980 and 1986,
resulting in > 600,000 cases with 475 deaths overall. The 1980
outbreak alone caused 454,205 cases.? However, no additional
DF outbreaks have been reported from Hainan province since
1991.7 In recent years, Guangdong province has the highest
incidence of DF epidemics (Figure 2), with cases reported
every year since 199739

Before the 1990s, large-scale epidemics of DF were char-
acterized by a sudden outbreak, fast progression, quick trans-
mission, and were under control within 2 or 3 years of onset
(Figure 1). After the major outbreaks, the following DF epi-
demics would usually become weak either in the incidence or
in transmission speed, but the affected area was more extensive.
The DF epidemic now spreads gradually from Guangdong,
Hainan, and Guangxi provinces in the Southern coastal regions
to the relatively Northern regions, including Fujian, Zhejiang,
and Yunnan provinces (Figure 3). In Fujian province in par-
ticular, a major outbreak with 1,549 cases was reported in 1999
in Fuzhou.' In 2004, a DF outbreak with 83 cases reported in
Zhejiang province.!! An outbreak with 56 cases was reported
in 2008 in Yunnan province (State Ministry of Public Heath
in October 2008, http://www.moh.gov.cn/publicfiles/business/
htmlfiles/zwgkzt/pyq/index.htm), which was the first outbreak
of the disease in this region since 1949.

Currently, no evidence is available to support the presence
of epidemic foci in China, and most of the researchers attrib-
uted the prevalence of DF to the imported cases.’>'7 However,
with the rapid growth of the Chinese economy, interna-
tional exchanges are more frequent than ever. In the mean-
time, more than 10% of China’s population has moved away
from their original residences, mainly from poor rural areas to
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Annual number of dengue fever cases in mainland China from 1978 to 2008. Data for 1978-2002 are summarized in Refs. 7-10. Data

for 2003-2008 are derived from reports of the State Ministry of Public Heath (http://www.moh.gov.cn/publicfiles/business/htmlfiles/zwgkzt/pyq/

index.htm).

urban centers, searching for better working and living oppor-
tunities. This migration promotes the transmission of infec-
tious diseases and creates major challenges to prevent and
control them.”® It is possible that DF is transforming from
an imported to an endemic infectious disease, especially in
Guangdong province where the climate favors the survival
and transmission of Dengue virus. Although DF in mainland
China has not resulted in large epidemics since 1990 (> 10,000
cases), frequent small outbreaks of DF (1,000-7,000 cases)
ensure long-term viral circulation in local regions, which has
the potential of making DF endemic if no effective interven-
tion is implemented.

Temporal distribution. In mainland China, DF is prevalent
mostly in the tropical and subtropical regions (south of 29°
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north latitude), where the mosquito vectors of dengue viruses
breed throughout the year. Figure 4 shows the total number
of DF cases reported monthly from 2002 to 2008 (http://www
.moh.gov.cn/publicfiles//business/htmlfiles/zwgkzt/pyq/index
.htm). January to May is identified as the period of sporadic
occurrence, while June to December is recognized as the
prevalent period of DF. In general, July is the early stage of the
epidemic, which then increases from August to October with
14,487 cases, accounting for 92.34% of the total cases reported
within these years. It is documented that the prevalence of virus
is associated highly with the breeding activity of the Aedes
mosquitoes. Aedes albopictus is the predominant species in
South China. It can breed in various small containers or plants
that hold accumulated water (such as tree holes, bamboo

Year

FiGUure 2. Annual number of dengue fever cases in Guangdong Province from 1990 to 2008. The 1990-2000 and 2001-2006 data are from
Refs. 8 and 9. The 2007-2008 data are from reports of the State Ministry of Public Health (http://www.moh.gov.cn/publicfiles /business/htmlfiles/

zwgkzt/pyq/index.htm).
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FiGure 3. Approximate distribution of dengue and Aedes mosquitoes in mainland China. ZJ: Zhejiang Province; FJ: Fujian Province; GD:
Guangdong Province; GX: Guangxi Province; HN: Hainan Province, YN: Yunnan Province. Data are summarized in Refs. 7, 8, 10-13.

stems, or leaf axils) that are found in gardens or backyards.
The large amount of rainfall from July to September increases
the breeding places of the mosquitoes. The emergence of large
numbers of larvae causes drastic expansion of the mosquito
populations and greatly increases the probability of DF
epidemic.” Yi and others® analyzed DF cases in Guangdong
province from 1990 to 2001 and Aedes surveillance and climate
from 1995 to 2001. They showed a clear seasonal pattern of DF
occurrence, with a high frequency occurring mostly in hot and
humid seasons. Geographic distribution of dengue epidemic
has spread gradually from southern (Guangdong, Guangxi,
Hainan) to relatively northern and western regions including
Fujian, Zhejiang, and Yunnan provinces (Figure 3), which
may be associated with the intensifying global warming.'*?!??
However, the impact of global warming on the spread of
vector-borne diseases in tropical and sub-tropical regions in
Asia is a subject of debate.” Countries or regions experiencing
increasing DF should establish as part of their disease-control
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FiGure 4. Total number of dengue fever cases reported monthly
from 2002 to 2008. Data are summarized from (http://www.moh.gov
.cn/publicfiles/business/htmlfiles/zwgkzt/pyq/index.htm).

efforts surveillance that allows an evaluation of the variation
in DF incidence and prevalence as the climate in the regions
change.?

Serotype and genotype distribution of dengue viruses. Four
serotypes (DV1, DV2, DV3, and DV4) of dengue viruses have
been identified and they all are capable of causing DHF and
dengue shock syndrome.'?? Although the association between
the serotype and the severity of the disease is not clear, the
DV2 serotype, particularly in the event of superinfection
following infection of another serotype, has been shown to
correlate with dengue shock syndrome.” All four serotypes
have caused epidemics in the mainland. Figure 5 shows the
geographic distribution of dengue epidemics reflecting a
gradual spread from southern to northernregions. Interestingly,
no DF epidemics outbreaks have been reported in Guangxi
and Hainan province since 1986 and 1991, respectively. The
outbreaks in Guangdong province, where the latitude and
weather conditions are similar to Guangxi and Hainan, have
been reported more frequently since 1990. In the mainland,
DV3 was the principal serotype of the viruses reported early
(1978), and then DV1 and DV4 were recorded. However, DV1
has become the main serotype since the 1990s. The outbreak
of DV4 DF was first reported in Foshan, Guangdong province
in 19782 and it reappeared here in 1990.% The epidemic
of DV3 DF was first reported in north Shanbei County of
Hainan province in October, 1979; the epidemic then spread
north along the west coast to compromise Zhanjiang, Foshan,
Guangzhou, Shantou, and Shaoguan of Guangdong province,
and then to Beihai and Hepu of Guangxi province, lasting for
3 years.!”? The epidemic caused by DV2 was reported in north
Shanbei County, Hainan province in September, 1985, and
by the following year it had compromised the entire Island
(e.g., Hainan province) and spread further to Guangzhou
of Guangdong province and Beihai of Guangxi province,
and persisted until 1988.7 The DV2 caused DF epidemics in
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FiGure 5. The epidemics of four serotypes of dengue virus in mainland China. ZJ: Zhejiang Province; FJ: Fujian Province; GD: Guangdong
Province; GX: Guangxi Province; HN: Hainan Province, YN: Yunnan Province. Data are summarized in Refs. 7,8, 10-13. There were 56 cases of DF
in Yunnan Province (2008) according to the report from the Department of Health [http://www.moh.gov.cn/publicfiles/business/htmlfiles/zwgkzt/
pyq/index.htm], but no publication regarding the serotype of this virus caused this outbreak was found. This figure appears in color at www.ajtmh

.org.

Guangdong province in 1993, 1998, 2001, and in the Fujian
province in 1999.1° In the 1993 epidemic, several cases were
found to consist of both DV2 and DV4, which represented the
rare cases of concurrent infections in mainland China.® The
DV1 was responsible for the outbreaks of DF in Guangdong
province in 1979 and 1985, respectively,'> and then several
outbreaks caused by the same virus were reported in 1991, and
from 1995 to 2006.%°

According to the full-length sequence of the E/NS1 gene, the
four serotypes of the virus can be divided into different geno-
types. The DV1 virus has five genotypes,® DV2 has six,”’ DV3
has four,® and DV4 has two genotypes, I and I11.* Genotyping
of the virus strains isolated from different outbreaks has pro-

vided some insight into the variation and transmission of the
prevalent strains.” Analysis of the genotypes of the virus strains
in mainland China show complex origins consistent with the
interpretation that the viruses might be imported from more
than one country (Table 1). A molecular epidemiological anal-
ysis comparing the viral gene sequences of the DV1 strains
isolated from four DF outbreaks (1991, 1995, 1997, and 1999)
in Guangdong province revealed extensive nucleotide varia-
tion over the whole genome. The strain GD03/91, isolated in
1991, shows 97% nucleotide identity with the strains GD23/95
isolated in 1995, 93% identity with GD14/97 isolated in 1997,
and only 93 % identity was identified between strains GD23/95
and GD14/97, indicating that GDO03/91 has a closer genetic

TaBLE 1

Genotype of dengue virus recognized in mainland China

Serotype Year Region Genotype Origin (homology) References

1985 Guangzhou, Guangdong Province v Thailand 32

1991 Guangzhou, Guangdong Province v Southeast Asia, Australia 15,32
1995 Guangzhou, Guangdong Province v Southeast Asia, Australia 32

Chaozhou, Guangdong Province v Southeast Asia 15,30

1997 Chaozhou, Guangdong Province 1 Cambodia 1530
D1 1999 Zhongshan, Guangdong Province 1 Cambodia 3o
2002 Guangzhou, Guangdong Province v Australia TI4 strain 3
2003 Guangzhou, Guangdong Province 1 Cambodia 3
2006 Guangzhou, Guangdong Province v Thailand, Taiwan ThD1 strain 35
2004 Fujian Province 1 Thailand 3
2004 Zhengjiang Province 1 Thailand 12
1989 Hainan Province 111 Jamaican or Brazil 90 strain 3

1998 Nanhai, Guangdong Province II1 Thailand ThNH81/93 strain 1538

D2 1993 Fanshan, Guangdong Province 1 Australia TSV01 strain 3839
1999 Fujian Province v Indonesia, Sri Lanka a0
2001 Jiangmen, Guangdong Province 1 Australia TSVO01 strain 38
D4 1978 Fanshan, Guangdong Province 11 Indonesia A
1990 Guangdong Province 1 Philippines 3




668 WU AND OTHERS

relationship to GD23/95 than GD14/97. The phylogenetic tree
is consistent with the hypothesis that strains GD03/91 and
GD23/95 derive from Southeast Asia or the Pacific islands.
Strains GD14/97 and GDO05/99 isolated in 1999 had sequences
similar to the Cambodia strain, showing nucleotide and amino
acid identities of 98% and 99%, respectively. Phylogenetic
tree analysis indicated that the strain GD14/97, GD05/99,
and GD23/95 belong to two different genotypes.*” Fang and
others® compared the nucleotide sequences of a number of
genes between the DV2 strains GD06/93 and GD01/98 iso-
lated from the outbreak in 1993 and 1998, respectively, in
Guangdong province and found that these two strains and
the strain (04) isolated in Hainan province in 1985 belong
to different genotypes. However, GD01/98 shows high simi-
larity to the strain ThNH2P28/93 from Thailand with nucle-
otide and amino acid sequences at 98% and 100% identity,
respectively. Comparison of the sequences among the strain
GDO01/98, GD06/93, and HN04 was consistent with the inter-
pretation that these three strains originate from different
regions. Yao and others® analyzed the NS2 gene in DV4 virus
isolated in 1978 and 1990 in mainland China, and they found
a 96% identity between the 1990 strain and the Philippine
strain, and a 96% identity between the strain 7856B2 (isolated
in 1978 in mainland China) and the Caribbean strain 814669.
Therefore, they presumed that these two strains isolated in
mainland China might come from these two regions. These
results are consistent with the conclusion that DF epidem-
ics in Guangdong province may be primarily the result of the
virus imported from multiple regions. Molecular epidemiolog-
ical analysis of DF in the last three decades did not identify
new variants of dengue viruses in mainland China (Table 1).
Therefore, we propose that the rapid expansion of the urban
population and the great migration of citizens as well as fre-
quent international travel may result in an increase in the fre-
quency of DF epidemics.

VECTORS

Behaviors. Aedes aegypti and Ae. albopictus are the two
most important mosquito species for transmission of dengue
viruses in mainland China. Aedes aegypti, a domestic mosquito,
can breed inside and outside houses, especially in water-
containing vessels in the kitchen or in jars with accumulated
rain water. This species is found mostly in the regions south
of the 22° north latitude, including the coastal areas in West
Guangdong province and the Beibu Gulf of Guangxi Province
(Figure 3). Aedes albopictus breeds mostly in the wild and
depends on accumulated water in various utensils or plants. It
is found in nearly one-third of China ranging from Shenyang
in the North, Longxian County and Baoji in the Northwest,
South Tibet in the Southwest to the South Changjiang
regions, where this mosquito is most common (Figure 3).#
However, the environment and ecology of these mosquitoes
has changed greatly because of the rapid urbanization, which
may cause significant alteration in the number and types of
vector breeding sites. Su and others* showed following close
monitoring that the Breteau index of Ae. aegypti in Haiko city,
Hainan province, dropped from 32.81 to 1.73, and the number
of Ae. aegypti-positive communities reduced from 23 to 2, from
1987 to 2002. Conversely, the Breteau index of Ae. albopictus
increased gradually from 13.15 to 21.84, and the number of
positive communities increased from 19 in 1987 to 23 in 2002.

Aedes albopictus is considered to be only semi-domestic, but
according to a survey by Lin and others,* the density of this
mosquito inside houses was higher than outside in all of the four
monitoring sites. They proposed that the indoor environment
provides a suitable breeding place for this mosquito and it has
adapted to being a domestic mosquito like Ae. aegypti.

Efficiency for virus transmission. The transmission cycles of
arboviruses result from horizontal (by adult mosquitoes) and
vertical (transovarial) transmission of the mosquito vectors
with the significance of each of these components varying for
the specific virus. Furthermore, the transmission dynamics
of the viruses depend largely on the efficiency of the vector
in terms of the susceptibility of mosquitoes to the virus, its
subsequent transmissibility, and the transovarial transmission
ability of the virus. All of these factors may be affecting Aedes
transmission of dengue viruses. It is clear that the susceptibility
and transmission efficiency of mosquitoes to dengue viruses
is affected by the species and strains of mosquito*“® and the
virus serotypes,’# in addition to the other factors, such as
temperature of the environment and the nutrition status of
the vector.**¥

Temperature may cause alterations in the length of the
extrinsic incubation period by affecting viral replication in
vivo. Within the optimal range (26-35°C), relatively higher
temperature (35°C) can promote viral replication in vivo,
shorten the extrinsic incubation period, and enhance the trans-
missibility of the virus. Exposure to a relatively lower temper-
ature (< 10°C) alone may reduce the physiological activities of
the mosquito, decrease the viral replication rate, thus prolong
the extrinsic incubation period and attenuate the transmissi-
bility of the virus.’! The question then arises over the preserva-
tion of the virus in winter and dry seasons when the mosquito
hosts are present in low abundance. A possible answer is that
the virus can survive in a vector in functional diapause, or has
been transmitted to the next generation through the eggs. Lin
and others> orally infected Ae. albopictus with DV1 and DV2
and homogenates prepared from parental and F1-F3 genera-
tions. Dengue viruses in these samples were identified follow-
ing inoculation of C6/36 cell cultures and specific viral antigen
was detected by indirect immunofluoresence assay (IFA).
These results provide compelling evidence that Ae. albopictus
could transmit virus to the F2 generation by the eggs. Zhao
and others* used the same method to infect three geographic
strains of Ae. albopictus with dengue viruses and the viruses
in following generations were detected by IFA and reverse
transcription-polymerase chain reaction (RT-PCR). Their
result also confirmed that four serotypes of dengue virus are
capable of vertical transmission by Ae. albopictus. However,
the virus can be seldom detected in the vector mosquitoes col-
lected from the field. Fang and others®* performed RT-PCR
of over 6,000 Ae. albopictus specimens collected between
1996 and 1998 from three monitoring sites in the suburbs of
Guangzhou, Guangdong province, and found none positive
for dengue viruses. Similarly, Duan and others® collected > 300
Ae. albopictus from three monitoring sites in Jieyang, Foshan,
and Guangzhou, and they also failed to detect the presence
of virus using a TagMan MGB real-time PCR method. In
contrast, many studies from other countries have reported a
high infective rate of dengue virus in wild-derived Aedes mos-
quitoes. For example, the minimum infective rate (MIR) in
Ae. albopictus and Ae. aegypti collected in Singapore, from
April 1995 to July 1996, was 50 and 57.6, respectively.”*® Kow
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and others” reported that they used a single-step RT-PCR
to assay the male vector (adults) collected from the field of
Singapore and found that 1.33% and 2.15% of Ae. aegypti and
Ae. albopictus, respectively, were positive for dengue viruses.
The serotypes detected in male Ae. aegypti were DV1 (44%),
followed by DV2 (22.2%) and DV3 (22.2%) and DV4 (11.1%).
In Ae. albopictus males, the serotypes were DV4 (38.9%), fol-
lowed by DV2 (33.3%), DV3 (16.7%), and DV1 (11.1%).
These results emphasize the need for sensitive methods for
the identification of the viruses that would allow us to address
questions about the presence and absence of infectious virus,
the origins of the strains in specific outbreaks, and whether
viral genotypes in one epidemic are related to those causing
previous or subsequent epidemic.

PREVENTION AND CONTROL

In mainland China, the primary goals of DF control should
be timely epidemic detection, prevention, and control of new
cases to prevent large-scale outbreaks and to minimize the
damage of the epidemic. On the basis of the global DF/DHF
prevention and control strategies drafted by WHO in 1995,
and considering the actual domestic condition, China has insti-
tuted its DF control strategy with close monitoring as the key,
accompanied by control of mosquito vector density, high vigi-
lance for imported cases, improvement of diagnosis and treat-
ment, enhancing the cooperation among the related different
public health departments, and mobilizing the social effort to
combat the epidemic.

Mosquito vector monitoring. The DF is characterized by
periodical and sudden occurrence with rapid transmission,
often resulting in an unexpected large-scale epidemic.” A
sensitive monitoring system that allows prediction and early
detection of an epidemicis critical to the reduction and arresting
of the epidemic. This monitoring system involves examination
of vector species, their distribution, breeding places, density,
sensitivity to pesticides, and viral subtype identification. China
currently monitors the major vector mosquitoes of the genus
Aedes, primarily by examining mosquito larvae using the
Breteau index, house index,and container index. This approach
has produced encouraging results in the high-risk regions for
DF (such as Hainan and Guangxi).**>%¥* However, the larval
and pupal density of mosquitoes in a defined environment
may not represent the exact density of the adult mosquitoes,
therefore such an approach can be laborious and the results
subjected to influences by various factors. Because Ae.
albopictus is generally not domestic, Lin and others® designed
a mosquito trap based on the U.S. Centers for Disease Control
and Prevention (CDC, Atlanta, GA) trap. This new trap allows
close observation of the seasonal variation in the number of
adult Ae. albopictus, and complete data sets on mosquito
densities in the larval, pupal,and adult stages. Adult mosquitoes
trapped also are useful as specimens for virus detection, which
can be of great significance in the prediction and control of an
DF outbreak.®% The preliminary testing results of this new
mosquito trap showed its greater advantages over the Breteau
index for Ae. albopictus monitoring in the urban areas.*

Vector control. Because no DF vaccine is currently
available, the only effective means for DF prevention is
mosquito vector control. The key to this control relies on the
maintenance of environmental hygiene and elimination of
the breeding places of the mosquitoes.*® Pesticide application

remains the conventional means for eliminating the vectors
in the breeding sites. However, these activities are associated
with the emergence of pesticide resistance and this is evident
already in some regions. The use of pesticides is by no means
an environmentally friendly solution to the mosquito problem.
More environmentally friendly methods therefore are urged
for controlling the breeding places of the mosquitoes. Some
cost-effective biocontrol agents such as Bacillus thuringiensis
var. israelensis and predatory cyclops that do not cause
environmental damage or produce resistance in the mosquitoes
after long-term use are promising.®*® However, these slow-
acting agents may not seem appropriate in emergency settings,*
and pesticides are still necessary for mosquito control during
an DF or DHF outbreak. The WHO® recommends the ultra-
low volume (ULV) spray or thermospray of malathion and
sumithion to eliminate the mosquitoes around breeding sites.
However, because of its poor effect against female mosquitoes
and the larvae,” UVL aerosol is seldom used for outdoor
mosquito control during the epidemic of DF or DHFE.%

FUTURE CHALLENGE

Accelerated urbanization, expanding urban populations,
frequent international travel, and perhaps global warming, all
may contribute to increasing the frequencies of DF/DHF epi-
demics. The absence of effective vaccines and robust measures
for the vector management make DF and DHF control dif-
ficult, and they will remain a major public health issue in the
tropical and subtropical regions. The challenges in DF control
depend on the following four aspects: 1) vector control; much
effort is needed to establish a monitoring system for early pre-
diction of the occurrence and distribution of the mosquitoes on
the basis of their chemical, biological and environmental con-
trol. Chinese researchers” > have made preliminary but mean-
ingful attempts at DF control using a geographic information
system (GIS),” which allows prediction of the occurrence and
distribution of the vectors as well as estimation of the prob-
ability of DF epidemic. 2) The establishment of a rapid virus
detection system to provide early prediction of the epidemic,
which necessitates effective international communication and
cooperation. At the same time, the deciphering of the genome
of Aedes mosquito™ and the application of transgenic technol-
ogy’®” have provided many platforms for dengue prevention
and control. 3) Community-based education also is critical.
The full knowledge of DF and dengue viruses among the com-
munity residents may help greatly to achieve the goal of con-
trolling the monitoring indices within the safe limits, and the
participation by the community can be of great importance in
winning the battle against vector mosquitoes. 4) Elimination of
the technical obstacles to develop safe and effective vaccines.
Rapid progress is being made in research of the immune and
pathogenic mechanisms of dengue fever, and better under-
standing of these mechanisms will facilitate the development
of the safe and effective vaccines against dengue virus.
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